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Hurricane Michael Storm-Tide Monitoring Instrumentation
Water-level and barometric pressure sensors (non-real-time sensors and real-time RDGs) were placed at sites selected to augment existing streamgage and tide-gage networks to ensure adequate monitoring in areas forecasted to experience storm tide. Non-real-time sensors record continuous data and must be manually downloaded to retrieve the data. Real-time RDGs record continuous data and transmit figure 3 . The two RDGs are permanently mounted gages that were activated prior to the storm (fig. 4) . The RDG-collected data are representative of mean water-level; these data are collected using a radar sensor sampling at 5-second or shorter intervals and averaged over 6 or 15 minutes (Park and others, 2014).
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Data Collection
Water-level and streamflow data from long-term USGS streamflow stations and water-level data from RDGs and NOAA tide-gage stations were relayed hourly (or more frequently in some cases) through satellite telemetry for display on the USGS Flood Event Viewer (https://stn.wim.usgs.gov/FEV/#Michael2018; table 1). Immediately following Hurricane Michael, the sensors were retrieved, and the data were disseminated on the USGS Flood Event Viewer. Data were collected and processed following protocols established by McGee and others (2006) and McCallum and others (2012) , which included correcting water-level readings for variations in barometric pressure and salinity. The filtered storm-tide peaks were determined using the method described by Frantz and others (2017) . The storm-tide peak data values were compared with nearby real-time water-level stations and HWMs. Three water-level sensors were lost and later recovered, and 10 sensors did not record storm tide because of equipment malfunction or a lack of water-level rise. The peak storm tide, defined Koenig and others (2016) (fig. 6 ). HWM quality, which is an assessment of how accurately the mark represents the true storm-tide elevation, depends on the type and location of the mark. In general, marks found in enclosed spaces represent a more reliable measure of storm tide without wave action than debris lines found on the ground or along highways (Koenig and others, 2016) . The location, description, surveyed water-level elevation, estimated survey measurement precision, and quality assessment for all HWMs can be found on the USGS Flood Event Viewer website (https://stn.wim.usgs.gov/ FEV/#Michael2018). The data are updated every hour on USGS web pages, and an example of the data is shown in figure 7.
Elevation Surveys
Benchmarks throughout the study area were surveyed for vertical control. This control was established on permanent objects near the water-level sensors to relate the recorded water-surface elevation to NAVD 88. Graduated steel tapes were used to relate the elevations of the reference points to those of the water-level sensors. Survey-grade Global Navigation Satellite System (GNSS) equipment ( fig. 8 ) was used to determine the NAVD 88 elevation of the reference points and HWMs, in accordance with USGS technical guidance (Rydlund and Densmore, 2012). All GNSS-determined NAVD 88 elevations in this report were derived using the GEOID12B model (National Geodetic Survey, 2017).
Storm-Tide Data
The maximum recorded storm tide was 15.55 ft above NAVD 88 (table 1) . The maximum HWM (table 2), found in Port St. Joe, exceeded 20 ft above NAVD 88. The data from the Hurricane Michael storm-tide network are available in tab-delimited, American Standard Code for Information Interchange (ASCII) format and Network Common Data Form (NetCDF) format by site for each sensor by using the USGS Flood Event Viewer. Digital photographs for selected sites are also available on the viewer. Data available for each sensor include location, date, time, water level, water-level uncertainty, and barometric pressure. Data available for HWMs include location, description and quality of the mark, and elevation. The peak storm-tide values recorded at NOAA and USGS permanent stations are listed in table 1. A representative sample of HWMs is listed in table 2.
For GNSS-established elevations, the survey uncertainty of the recorded peak storm tide is available in the USGS Flood Event Viewer. The survey uncertainty was calculated using the methods described in Rydlund and Densmore (2012). The recorded peak storm tide at the long-term USGS monitoring sites and NOAA tide-gages (https://tidesandcurrents.noaa.gov/ stations.html?type=Water+Levels) in the study area are shown in table 1 (NOAA, 2018).
Conclusion
Hurricane Michael made landfall near Mexico Beach and Tyndall Air Force Base in the Florida Panhandle, with maximum sustained winds over 160 miles per hour, on October 10, 2018 (Beven and others, 2019) . The U.S. Real-time data provides emergency managers, first responders, the media, and the public with critical information for identifying flood-affected areas and accurately directing assistance to affected communities. Data (real-time and non-real-time) collected during Hurricane Michael and other hurricanes can be used to calibrate and evaluate the performance of storm-tide models used to predict maximum and incremental water levels, the flood extent, and the site-specific effects of storm tide on natural and anthropogenic features of the environment (Frantz and others, 2017) . These data can also guide future development, providing insight into areas potentially vulnerable to storm tide. 
